We study the ballistic magnetotransport in a double quantum point contact (QPC) device consisting of a quasi-one-dimensional quantum wire with an embedded island-like impurity - 
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The discretization of the conductance in units of 2e
2 /h of a quantum point contact (QPC), with −e the elementary electric charge and h Planck's constant, was beautifully demonstrated more than two decades ago. [1, 2] The effect was soon understood within the noninteracting electron picture. [3] [4] [5] Nowadays QPCs and narrow short wires are still one of the most inspiring experimental devices to study fundamental physics and new transport phenomena. Among them, the role of (charged) impurities and disorder, [6] [7] [8] [9] [10] the effect of electron-electron interactions and spin related phenomena, such as the Kondo effect, [11, 12] spin-orbit interaction, [13] and the still puzzling origin of the 0.7 anomaly, [14] to mention just a few. Undoubtedly, its understanding would shed light on the implementation of nanoscale sensors and spintronic devices. For instance, exploiting the control of the symmetry of the QPCs confining potential has been recently proposed as an all-electric experimental alternative to create spin polarized currents. [15] Recently Chen et al. [16] reported interesting measurements of the ballistic conductance of a device formed by a parallel double QPC defined in a narrow quantum wire by gating a two-dimensional electron gas (2DEG) and chemically etching a hole (of diameter d ≥ λ F , with λ F is Fermi wavelength) that functions as an island-like impurity scatterer. A full theoretical description of such experiment is absent and providing a detailed modeling framework is therefore desirable. Moreover, the understanding of the influence of a magnetic field on the conductance of such type of device is certainly of great interest for applications in nanoscale magnetic sensors and scanning probe devices.
In this letter we present a theoretical simulation of the conductance results provided by Chen et al. [16] performed at zero field. The main features of the conductance observed in the linear regime of such device are well explained within our recursive Green's function approach. Modeling the gate controllable electrostatic width of the QPCs allow us to study the quantization and distortion of the conductance, as well as the Ramsauer-type and inter-channel interference effects of electrons emerging from the coupled QPCs as seen experimentally. Our theoretical analysis validates in general the experimental results with the exception of a slight discrepancy when both QPCs are open. The possible reasons for such discrepancy are also discussed. Additionally we predict that the presence of a magnetic field perpendicular to the 2DEG favors the formation of nearly bound states [17, 18] around the etched hole of the device. These in turn traps electrons via an interedge state coupling mechanism, strongly inhibiting transport. It is shown that such behavior is tunable 2 by applying an asymmetric voltage gating.
The starting point of our approach is a single particle tight-binding Hamiltonian in a two dimensional lattice model, with H = r ε r |r r| − r,δr V r,δr |r r + δr|, where |r ≡ |m n , with n and m are the x and y lattice points, respectively, r+δr is the nearest neighbor site to r, ε r = U r + 4t is the effective onsite energy with U r ≡ U mn = U(x = na, y = ma) the net local potential and V r,δr = 2 /2m * a 2 = t is the hopping parameter, being m * the electron effective mass and a the lattice constant. The external magnetic field B is taken into account by the usual Pierls substitution which introduces a phase factor in the hopping parameter by an appropriate selection of the Landau gauge, A = (−yB, 0, 0), such that The physical system comprises a quasi-one dimensional wire parallel to the x−axis attached to semi-infinite ideal leads with hard wall boundary conditions. The central region of the quantum wire (scattering region) contains three types of potentials. One that defines the central impurity V imp (x, y) (modeling the etched-hole of Ref. [16] ) and two smooth confining potentials that in conjunction with V imp (x, y) and relative to the sidewall of the quantum wire, creates two independent parallel QPCs (V QP C 1,2 ), as employed in the experiment. A suitable potential profile to describe the QPCs is modeled using
2 ) where Θ(µ) is the unit step function (Θ = 1 for µ > 0 and Θ = 0 otherwise), and
The parameter ∆ characterizes the effective width of the QPCs, V i represents the maximum bottom energy at x = y = 0 for a given QPC i (i = 1, 2), L x , L y are the length and width of the wire respectively and E F is the Fermi energy.
The linear-response conductance is determined within the Landauer framework of ballistic transport which is appropriate if the electron-electron interactions are neglected. The conductance is expressed in terms of the transmission amplitudes by the multimode formula
l,l ′ , where the summation goes over all the propagating channels at the leads at a constant Fermi energy. [19] The transmission amplitude is calculated via the Fisher-Lee's formula, [20] 
is the velocity of the outgoing (incoming) electrons. The total Green's function G l,l ′ N +1,0 , connects the left and right leads and it is computed by a standard recursive technique using the Dyson's equation. [21] In our simulations the experimentally etched nano-hole is modeled through a circular disk scatterer of diameter d = 75 nm with infinitely high repulsive potential (V imp ≫ E F ). We use a Fermi wavelength of λ F = 50 nm (with λ F /a = 4) which is a typical value for a 2DEG formed in a GaAs/AlGaAs semiconductor heterostructures which yields d ≥ λ F , consistent with values in the experiment of Chen et al. Ref. [16] . The effective aperture of the QPCs can be controlled independently by tuning V 1(2) in our modeling. All energies are in units of E F .
In Fig. 1(a) we show the numerical results for G versus V 2 for different fixed values of Next we proceed to examine the influence of a perpendicular magnetic field on the conductance of the device. In Fig. 2(a) Fig.2(a) ). Hence an interesting switching effect at a fixed Φ due to the asymmetric tunable electrostatic width of the QPCs may also occur. A reasonable explanation of the physical origin of the effect can be also derived within the edge-state coupling picture ( Fig.2 .
(e))
Such kind of behavior could be observed in typical GaAs/AlGaAs as based devices at low temperatures and relatively low magnetic fields strengths (∼ 1T).
In sumary, we have reproduced qualitatively the main experimental features of the (linearresponse) conductance measurements of a double QPC device carried out at zero field. At finite magnetic fields we predict that the formation of localized states around the impurity induces Fano-type resonances that strongly inhibits electron transport. Interestingly, the
Fano-type resonances can be tuned by an asymmetric voltage gating of the device at low magnetic fields and cryogenic temperatures. 2) are the effective potential bottom energy experience by electrons at QPC 1(2) , respectively, whiles V 1(2) are the applied gate voltages, and |∆ C | < 1, describes the capacitance coupling constant. Using ∆ C = 0.1 we have qualitatively reproduced the experimental diamond pattern.
[24] A different type of asymmetry in two and three anti-dot system defined in quantum wires have been previously studied in Ref. [25] . Analogous resonant and anti-resonance effects are reported to occur in these systems.
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